Probiotics organise gut microflora for better regulation of the HPA axis not only in the early years but also during adulthood I t is suggested that daily environmental and emotional stressful life events contribute to the development and reactivation of intestinal inflammation in chronic inflammatory bowel disease (IBD), to the clinical manifestations of irritable bowel syndrome (IBS) and to the development of food allergies by sensitisation of intestinal tissue to oral antigens through an increase of transepithelial permeability and luminal antigen uptake. [1] [2] [3] In animal models of IBD, stress increases the severity of colitis and lowers the threshold for reactivation of mucosal inflammation. 4 Stressful stimuli are known to affect gastrointestinal functions such as gut motility and secretion, and to increase paracelullar permeability. Defective epithelial barrier function, which can be measured as increased intestinal permeability, has been implicated in IBS and in IBD, in which it can predict relapse during clinical remission. 5 6 In animal models, both acute (partial restraint stress) and chronic (neonatal) stress enhance luminal bacterial adherence and internalisation, 7 increase bacterial translocation 8 and activate immune reactions within the gut resulting from alterations in gut paracellular permeability. 9 Recently, it was also shown that acute stress-induced hypersensitivity to distension results from an alteration of colonic paracellular permeability. 10 Numerous abnormalities of the gut flora have been described in patients with IBD and IBS. The presence of bacterial overgrowth in some patients with IBS and the improvement of their symptoms by oral antibiotics illustrate an enteric microbiota involvement in the genesis of the disease. 11 12 Recent data support a potential role of probiotics for in alleviating IBS symptoms and suggest that the effects are strain-dependent. For example, a dietary administration of Lactobacillus plantarum 299 V has been shown to improve abdominal pain and to normalise stool frequency in constipated patients with IBS, 13 whereas L rhamnosus GG did not improve pain but had a beneficial effect in patients with IBS who predominantly had diarrhoea. 14 
PROBIOTICS CORRECTING GUT MICROBIOTA AND GUT PERMEABILITY DISTURBANCES INDUCED BY STRESS

In
IBDs the probiotic mixture VSL#3 and the non-pathogenic Escherichia coli Nissle 1917 help to induce remission and to prevent relapse of ulcerative colitis, respectively. 15 16 Additionally, accumulated data potentially support a distinct role for probiotics in alleviating stress-mediated alterations of gut functions, particularly by improving the intestinal barrier through the reduction of altered gut paracellular permeability. [17] [18] [19] However, the mechanism by which probiotics reduce epithelial dysfunction induced by stress remains to be elucidated.
Adherence to intestinal epithelial cells is the first step for colonisation and penetration of pathogenic bacteria. Adding yeast Saccharomyces boulardii to food increases villous length, indicating the trophic effects of this probiotic on the intestinal architecture in pigs. Several lactobacilli adhere to mucosal surfaces inhibiting attachment of pathogenic bacteria, and enhancing secretion of mucins. 20 Zareie et al in a recent study showed that probiotic treatment prevents adhesion of luminal bacteria to the surface of the intestinal epithelium. 7 These different properties may counterbalance the stress-induced opening of tight junctions (TJ) by subsequently limiting the paracellular entry of pathogens. TJ are dynamic structures, which represent the major barrier that regulates paracellular permeability. It was recently established that several pathogenic bacteria modulate intestinal permeability by altering TJ. 21 For example, live probiotic L farciminis prevents acute stress-induced colonic paracellular permeability, and sensitivity increased through an action on colonic epithelial barrier resulting from inhibition of myosin light chain phosphorylation and cytoskeleton contraction. 22 Increased intestinal or colonic permeability, or both, is described in Crohn's disease, gluten-sensitive enteropathy, acute gastroenteritis and alcoholism. [23] [24] [25] [26] These situations lead to an excessive antigen load, inducing lamina propria immunocyte activation and bacterial translocation. Acute stress in mice and neonatal stress in rats induce long-term bacterial translocation into mesenteric lymph nodes, spleen and liver. [27] [28] [29] For neonatal stress these alterations occur concomitantly with an increase of gut paracellular permeability, increased number of colonic mast cells and increased colonic mucosal expression of mRNA encoding interleukin (IL)1b, IL2, IL4 IL10 and interferon c (IFNc).
Immune changes occurring in the intestine of patients with IBS and in patients with IBD are well documented. It was illustrated that a probiotic, B infantis 35624, alleviates symptoms in IBS associated with normalisation of the proinflammatory cytokine ratio IL12/IL10. 28 Moreover, it has been shown that a mixture of probiotics VSL#3 reduced production of proinflammatory cytokines, such as IFNc, responsible for the increase in intestinal permeability. 29 Interestingly, in animals with experimental colitis induced by transfer of CD45R high T cells into SCID mice, Dalmasso et al showed that daily feeds of S boulardii both prevented and improved colitis associated with the decrease of mucosal NF-kB activity and proinflammatory cytokine (tumour necrosis factor a, IL1b, IFNc and IL6) expression. 30 Consequently, probiotics can reinforce barrier function by secretion of soluble factors that enhance barrier integrity and by regulation of TJ. 31 All these observations suggest that the beneficial effect of probiotics in gut disorders provoked by stress may be mediated by interfering in a secondary step on a neuroimmune regulation consecutive to a primary digestive epithelial barrier impairment. Figure 1 (points 2 and 3) illustrates the following reactions.
PROBIOTICS CORRECTING DYSFUNCTION OF THE HYPOTHALAMIC-PITUITARY-ADRENAL (HPA) AXIS INDUCED BY STRESS
The enteric and central nervous systems are linked bidirectionally by the sympathetic and parasympathetic pathways forming the brain-gut axis. Acute stress induces distinct motor effects in the upper and lower gastrointestinal tract. For example, stress increases colonic motility, circulating corticosterone levels and release of corticotrophin-releasing factor (CRF) at the paraventricular nucleus and locus coeruleus. These effects are blocked by CRF antagonists and reproduced by intracerebroventricular administration of CRF. 32 In this issue of Gut, Gareau et al add an interesting effect to the existing knowledge of probiotic activity (see page 1522). 33 These authors illustrates that probiotics can ameliorate the enhanced HPA axis activity induced by maternal separation stress in rats. The enteric nervous system (ENS) influences all gastrointestinal functions (secretion, motility and sensitivity). Nowadays, only a few investigations demonstrate the influence of probiotics on the neurochemical modulation of the ENS. For example, Kamm et al, have shown that S boulardii significantly decrease the number of calbindin-positive neurones in pigs. 34 Barreau et al described the normalisation of greater enteric cholinergic changes observed in maternal separated pups previously treated by a mixture of L rhamnosus and L helveticus.
According to their own and other previous studies, illustrating that early traumatic experience modifies CRF and corticosterone level-induced neuroimmunoendocrine dysfunctions in alterations of gut mucosal barrier, 35 these observations added the important observation that treatment with L rhamnosus and L helveticus significantly reduced the enhanced level of circulating corticosterone levels in MS pups to control values; this suggests that probiotics normalise the activity of the HPA axis.
Enhanced HPA axis activity has been shown in patients with IBS with a history of childhood abuse, demonstrated by higher basal cortisol levels than in control subjects. 36 So far, there is little information about HPA axis modulation related to the composition of the gut microflora. Sudo et al have shown that commensal microbiota are environmental factors that regulate the development of the HPA stress response. 37 Indeed, increased responses to restraint stress-associated HPA axis perturbation have been observed in germ-free mice under normal intestinal bacterial colonisation. These observations were reversed by a pretreatment with Bifidobaterium animalis, illustrated by a reduction of corticosterone and adrenocorticotrophic hormone levels.
However, the mechanism by which probiotics can regulate the gut-brain axis response remains unknown. In their paper, Gareau et al, focused their hypothesis on the involvement of enterochromaffin cells in the probiotic HPA axis modulating effect, since enterochromaffin cells are affected by enteric flora and can release neuroendocrine mediators, which can activate afferent nerves that project to central structures connection to the HPA axis. However as mentioned before, a cytokine neurohumoral route pathway can be advanced. It has now been clearly shown that several cytokines, like IL1 centrally released after an acute stress session, increase the secretory activity of the HPA axis. 38 Also, stressaltering gut paracellular permeability integrity induces bacterial translocation from the gut to the liver, to mesenteric lymph nodes and to the spleen. 8 9 In this context it is reasonable to suppose that endotoxins as well as components of the bacterial cell wall-that is, peptidoglycan, stimulate immune cells within the gut and, in turn, directly or in relay via a nervous pathway promote the release of cytokines. Figure 1 (points 1-4) illustrates the following reactions.
PROBIOTICS ROLE IN THE GUT-BRAIN AXIS
Rescigno et al have described a new mechanism for bacterial uptake of the gut lumen by extending dendrites between intestinal epithelial cells. 39 Dendritic cells (DCs) can discriminate between pathogenic compounds through the expression of various pattern-recognition receptors. Among these receptors are the families of the Toll-like receptors and C-type leptins such as dendritic cell-specific intercellular adhesion molecule 3-grabbing nonintegrin (DC-SIGN) and mannose receptor, which recognise carbohydrate structures on pathogens and self-glycoproteins.
Recently, Smits et al have shown that selective probiotic bacteria that is, L reuteri and L casei, induce IL10 production by T regulatory cells by modulating DC function through DC-SIGN binding. In another way, transfers of selected probiotic-treated DCs confer protection against 2,4,6-trinitrobenzene sulphonic acidinduced colitis in mice. 40 These probiotics specifically stimulate DC regulatory functions requiring MyD88, TLR2 and NOD2dependent signalling pathways and the induction of CD4+ CD25+ regulatory cells in an IL10 independent pathway. 41 Taken together these observations illustrate a specific strain mechanism of action of probiotics on DCs regulatory functions by targeting different pattern-recognition receptor pathways and, in consequence, the release or not of IL10. IL10 and its receptor are expressed in pituitary and hypothalamic tissues and IL10 can regulate gene expression in cells of HPA axis origin. 42 Moreover, wild-type mice produce less corticosterone than IL10 knockout mice during immune and physiological stress, suggesting that IL10 may be an important endogenous regulator of HPA axis activity.
In their article Gareau et al suggest that probiotics can have an HPA modulating effect on stressors that appear only during the early years-that is, maternal separation stress. However, we carried out investigations on adult rats submitted to an acute restraint stress session (2 hours), and obtained similar resultsthat is, lower corticosterone levels in animals pretreated with the L farciminis strain, and also able to release IL10 (unpublished data). Consequently, these observations suggest that organisation of gut microflora for better regulation of the HPA axis depends not only on the early years but also the adult years.
Therefore, studies should follow the new finding of Gareau et al taking into account the involvement of a complex long neuroimmune reflex pathway starting at the intestinal level in order to elucidate the beneficial effect of probiotics in stressful situations. 
